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New Electromagnetic Methods for Destructior-free
Testing of I14terials

by
Dr. Friedrick FMrster.

A subst=ntial increase in the applications of electronic,

destruction-free testing of material by means of electromagnetic

methods took place since 1948. 7he distinctive propasation of this

application is based on the fact t"t for the past twenty years a

large number of theoretical and experimental fundamentals in this

field have been worked on intensively. The result w. s that it was

a relatively easy matter for btilders of testers and meauring

devices to supply process engineers -ith testing instruments tailored

to fit certzin phases of manufacture. Three principle methods of

sorting out rods, pipes, zutomotive parts *4nd wany others, have to

be caistinguished, - a methods working on the principle of electro-

magnetic effects and sorting, on the basis of alloy, thermotreatment,

hardness, depth of case, etc.,

1.ethod # 1.

Applying the first method, the parts to be tested are being
magnetized residually in a coil carrying direct current. The residual

magnetizing of the work piece creates a residual field in t.he border-

ing reg.ons. Tis residual field is being m easured with the so-called

Fdrster saipling device. Frster sampling devices .re hi;hly

sensitive measuring evices for direct current fields. Thw are

Best Available Copy



Dr. Friedrick Fdrster 2.

used not only in industrial material testing, but also to a large

extent in geophysics and in milit-ry en-ineering.

The strength of this residual field, in many ca~es, is

proportional to the hardness or to any other techmological pecularity.

Any such proportion thzn would indicate that this sorting method

should be used.

Illustration #I shows the schematic set-up of the "residual-

field sorting method". The parts to be tested are being fed from

a storage container to the conveyer belt in a predetermined rhythm.

Pins (or cams) for instance, mounted on the conveyer belt, would

each take one part from the feeding tube. The conveyer belt

carries the part thru the direct current magnetizing coil and then

C)leaving it remanently magnetized. The part then moves over an

extinguishing device. This erasing field series to move the electronic

separating switch - still set in the position as was determined by the

immediately preceeding part.- back into the neutral "zero" position.

This erasing device is also guided by a .agnetic sampler which reaicts

on the mere ezistence of the arriving test part's residual field.

As the conveyer belt moves &n, the test part passes the testing

devica which measures the strength of the residual field in an

approximte ono mill. second and, therefore, indirectly also zaasures

an important magnetic bntity, namely the coe.cive force.

For a great many techn.ical alloys, the coercive force is

proportional to the hardnesi or to other technolo.ical qualities.

The test result Luides electronically the separator switch which

. . . . . ..... ......... . ... 18.....
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sorts the pirts *ith the magnetic h..rdness sorting into groups

of "too soft", "normal" (or acceptable), "too hard" %hat corresponds A

manetica.l1y to a "too low", "nornal" or "too hih,, coercive force.

UIe -lso h-ave the possibility to sort the various alloys accoraing ti

their alloy content, as for instance curbon content, in so far as the

.... vc force of carbon steel alloys increases as a defirite ,incion

of their c-rbon content.

III. l. 2 sLows a fuPO"y automatic ort.in,- apparatus working

in accordance i4th the principles shown in Ill. ,il. The sorting

method as described utilizing a direct current field manetizing

the part thru and thru, has the adv sntage that - contrary to the

method of the alternating current field - the whole cross section

of the test part is ctually being tested. In most .4iropean countries

this method is used to test rolls, balls, ball bearing races, drills,

screws, and many other parts -s to their solidity, hardness and

other qualities. German and Austrian manufacturers of gudgeon pins
utilize this method to sort ,udgeon pinsaccording to their inset

depth and alloy. It was found that the test method described here,

when applied to testing roll bearing paxts results in an extensive

scattering of texture differences. 'articular *dvantages of this

method are asen in the f£ct that - when testing the whole volume -

a sensible average vglue can be determined, and that the system

works absolutely destruction free at an extremely Uih testing speed.

A well-known ball bearing factory employs several fully autom2tic

ninn . .... .. .. . .. ... .. . . ]1-
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testing syzters, testing :an,. sorting daily over 120,000 bc.iring pins

as well as a corresponding number of rolls and ball bearing races

K into three -Voups of hardness. The various firms have developed

their own automatic fidin, devices for mass production since this

1.sorting method can work ab sucha high speed that hand-feeding of
testing parts is made impossible. Other manufacturers test high-duty

automotive parts such as steering and brake parts etc., as to theirii. even annealing. With the same system of sorting various other Pests
of highly important Diesel engine parts (such as parts of the injection

pump, jetlpins etc.) are made and a statistical evaluation of the test

results over an extensive test period resulted in a substantial

durability increase of these parts, in as imach as the material texture

Q which was characterized thru the, measurement of the residual field

could- be kept at sizeably- smaller tolerances.

For engineers developing such systems, it is very encouraging

to learn from companies where these apparatuses are in use, that not one

cpmplaint had been received foom the purchasers during the several

years of -application of these devices. Most encouraging, of course,

is the fact that the idea of a 100% testing of the production output

by means of electronic mass sorting is being accepted more and more.

Ill. #3. shows a Macro-Foerster sampler and deonstrates what a

small field region still can very definitely be determined with this

tiny measuring device.

A very peculiar application was found for the Foerster samplor

-in the -srting of sheet metal and the measuring of anisotropy.

i0

iK
I LI .. l I
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Dr. Friedric% Ftbrster

If a bar macnet is first set onto the surface of dheet metal and

then taken off a_,ain, the sheet mietal remains remanently magnetized -
on the place of contact. This rernment inagpetizinZ shows, up in twhe

* distribution of a field orijinating, from a point pole. The point

poestrength i ar)*tecoerci.ve force - ths tremendously

imiportant rag-netic ai-- ....~ c.zacterizes generally the

mechanical qualities of the sheet metal.

If now, after the point pole has been sets the point pole

-field is measured wjith a sarpler, conclusions as to the hardness or

the qualityr of the sheet metal can be drawri. The point pole method

finds its application, for instance,. in the centrifugal founding

industry, to measure x~'wthout destruction - the surface hardness

Qof cast iron pipes. In this case a point pole is created with a bar

magnet, set briefly to the surface. With the aid of a Maro-samplar,

then, the strength of this point pole is measrod.

Ill. #14. shows the set up of a teeler with th.s aid of which

one sets the point pole by merely pressing down the mag;net. The

residual field is meacured immediately afterwards. The feeler is

construzted in such a way that it an be rotated with the point pole

for an exis this makes it possible Lo deterina iwaediately whether

the shnoet walkoal has tlle same m.nstic qualities in ull directions or

who-6 ir th"'e is a so called aisotropf'. In '-Zi shialow draidng industry

such an, anisotropy is rather undaairable in .s auch as it leadoi to

(Zifubilun;) heforr.nC o#A of kho sheet bArs. T'he sho;wirS up
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of~ a Preferred directi-on in t-ansL'ormr r actals, 1owev,;r, is htA,:ly
desirable.

IIL d5 ShowQ tile texture meter wich is used to sort

shallow drai-n and transformer mtals on the b~sis of =anisotrop,7.

Ill. 6 is an eaimple of 4±-aZr.'r-z van be resultinz when the head

of the texture maeter is turned by 3600 dearees.

* lMethod #2.
In the second method of sorting" steel - a method vzhich ±ndust.,

has beer, anpplying extensively in the past few years - all magnetic

and electrical values of the test parts &ppea4r as curves on a screen
of a cathode-ra.y osciflor.ph tube. Mel #7 shows an aipparatus for

Qthis me.thod, the WlUVAptest C". Ifs for instance, a rod C 22, 10 3 20

or 145,is la~ed nto thets drum, the corresponding Curves &ppear

on the screen of the cathode..ray 0 Moscflgrph tube. (Ml.jt8). ifs

however, 1000 rods of, for instance,, the alloy C45 are being tested

consecutively, the total of 3.=0 curves will result in a dispersion

band. It is important n~ow that this dispersion b~nd is, at amy one

point, suf~iciently different from the dispersLOn band of a sizlar

alloy. For thisp posethe apaatus is eqppd in sa a W W"

*this particular point wh~ere the difference in beat noticeable,ca

be moved, to the oentor of the scroens reading. slot. in an eCbC&4np

%or pistoned blanks two types of steel were prevailing. 015 and

WC s0. ihen iusrtng t~st pieces nto the 6r-.s In larrs qAtitiesI

oftoth pUA#S'*, etwodspe'uion buads, as shon fl $A, Were
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the results. In this instaince, too, the point of test differen-

tiation has beer, moved to the center of the screen.

1ll. #10 shows the relativity of the screen reading and ball

be.&rinZ steel. It can re--.dily be seen that the inditcation of a

hardness scale for ball bearing bteel on the screen presents no

problem, so that the sorting can be done without destruction and at

hig.h speeds directly according,7 to hardness values.

Ml. #11 is an example of relativity of the 1Manatest-Q Curve

and inset depth. When measuring a large qu..ntity of valve plungers
as to their inset depths a definite relativity of curve and inset
depth could be found* After the point of best differential reading

was moved to the center of the screen and underneath the reqding

scale, the inset depth could be measured very rapidly Athout destruction.

Recently more than 200 devices of this type were Soing into

operation In the industry, on which occasion many brinches of production

sidtahed to a tosijng of 100% of their output by applying this

method.

Kethod d3.

in the third method which wasS evelopod pu~ticulr fr the

* purpose of testir.3 small work pieces, the prts pm.ss a coil., 166a

passing tho~ the colA hijt-fre.ncy &1ternat.uzg current ft]A

cretes eddy currents. Tho reiation of those .*W narmts oilthe toot

* ~coil is shown on t. oono a cthode-Ma oscillator. A -iY work,

piece is represented byr a definiite flah point location on the screen.
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0Throu, 1. an u~tact -~jrn o .'.e theoretic4&1 fumda.-i-ent-.Th it isI ~ ~~~po..8b1,2 'o 1ea.e .. v. wo~ ihyeica.1 in~lunce %entitiAes of a

woe-, piece. Por intnc, can dien--7on .'.:rsions of the. l.t 'Iuence

on tho ~i~ of harzineox Z7'~t ba separa~te! --c Cta' tv -: e~rx-

oa: h bL a, i to h4.-&ie.3 b- o-r-,- Ir 6tcp~nc'ntly of C.Ipr;rsins in

diamators. M3.. A12  t1-s ecd4' current t*--4;-tu tLtin,--s iba

as Vlication in masss=-inZ of bal.ls ar4. di2ls& --s to h'%xness, as

well as in sort~n,-, of other mass production a..t s to cracks. This

device was i.-md 1"-Utitest". Ill. #13 sliaws an assortm2e11 of Parts

4'Ich can be tested at hi,6h speeds A~th the ~.~iet hnt4*

test part fail trcu,&h the coil,', the =m~ulx. value Is transmitteod

to the sortin4, separatons within a zdflisecond. This =aken a r~pid

sortirig- of tCie purts possile*

A'he St4'q Fl= Measuring Method.,

In adcion to these devices for the soriing of steel as to

alloy ecwhaxoss hu-duss, stability, mr.inal dtearboiosat inset

deth *t .: lrg mmaro eie for the sorting of vods and

field stiah deabrses an instabL2±ty in the &Ater regions th-t Is

* a. crack or sorah in the taterial. .o a, knon I sML the OPuaVe t.ethed

(1q t.uz 1wrre2Az wbezel th. steel part is Gireotl.nap~Uetized

overwit lin pwbr alson.TM1 IrM P4"r is cOllected on. the-

AtCL)ed=
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aer in; rtra: flux in the caz-- of defaulta. 7nu automatic crack

testers as described hvre, now utilize the very a=e stray flux as

an indication of craccs. To accomplish this, the magnetized teab

part is encircled by . cro-sxle - . .-s soon as the micro-sampler

detects mitorial defaultz o., account of emering stray flux, this

stzr lux is trar.smitted as a i"lunous spot to i.1he screen of a

cathode-ray oscillator. For rod i erial Uis wetho al.-eaWy is in

use in mwmerous steel wrks, however, it is only usesable with sm~th

rods with like directional stress, Another ppi1cation of tis method

was found in sorting rs =duction parts. " an example, most

ropa= au+- Ale works sort the nuts used in thr ro ucts t
this method. Ill. kl shows such an automatic nut test apparatus.

The pro-maettsed nuts puss over a neavu4ni table, udenieath whihc

a Fomster aolar rotates..s soon as one nut diasperses a stq flux, It

is automtically sorted out arnid ejected br an eection device,

In addition to these dOvices, spectifiL*a desipe for the

teting of steel, nmrous tter fbr non-frei ms etaU a". on the

Ghl u S L 'hva tester tor ftD&WitLVt, the Sia testi

abu 30oft~s esesare being used in the industrie Of

are. rAdL Awarioa. To man. te le rio4 condutivity, s oedn

m e t.ho tst iUSo, Saeeu cod istset onto Vast prt 4nd
J

i* I
!.

I

• I - a - -*,-- ~ St
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then, the covr disk of he big sc:.le is movel by turning the

central knob until ihe hand of the inztrizkent in the right upper

corner indicates "Zero". The readLg iarker of the point inuicator

on the cover sk is now -"ediata3,y Whove the fia-ure value in seg. ns

units of tbhe wanted conductivity. This apparatus is used to masure

circuit copper and alurinium as wrell a; th-r :0!oys, .o de e.-.ne

indir.-ctly "'he de6-ree of prity in pure 4etals over their, cZainat

impurity extremely sensitive, electric conductivity, a s .cll us to

mcazua'e liht metal alloys* hrdness which isa function of electric

conductivity. Another application is tae ortin- of e-%changed ,zct.s.

Special applications are !.he testing of porosity, testing of liq ida-

tion as well as the supervision of the founding process eith copper.

0In this latter, case, a s'al sa.ple is taken from the liquid copper.

The conductivity of this cooled-down sample is then measured with the

Sigmatest; this method dos not- require , as was the case thus far-

to ake a -ire, and one measurement can be done in not =ore than

half a minute. ihe final casting is postponed until the copper has

reached the point of hi hest conductivity (polority.).

Another application is the testing for crqcks of metals, rods

and wires. The wire or rod pabse throu h the test- coil through which
a high freqency curre:-t is flowin&. In the test part eddy curi'ents

develop. A default in material hinders the forming :of such eddy

currents. Their reaction, of course, is decreased, a fact that in turn

can be used to identify default locations, for instance, Idth the

~~~~~~~~~~~~. . . . ........ JL.............. . ......... IJt. .. I..... I .. i .. .__.j
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rlashin,;i' of a red si~nallht or 3aneirinfr of a

si~an111-cant picture on the sceno'artoeryt ba.got

Eurpen nuf~:cturers of fused-in wires 1'or roentgen tubes, radio

tubes, transmitter tubes, use a -uAre crack. tester wlrr.ch !shows&, by

Means ofa'eilpcueo he default on 'he screen., 1hther the

default is on j.,4e1 surface or internnal; ch-.rnges in .!imension. are

shown in --n entirely different w ay.

Ill. #16 shows th-e sioanaflux,, ah apparatus to test'non-

ferrous rods and tubes as to cracks and even alloy_ This inatrumant {
permits to read on the screen of a cathode-ray tube any clharnes in

electric condctivity in percents of a norm-.scale, vdth the effect

that-ahloy exchainges-.but also defaults can be recognized-rapidly.
C n interesting application of the tapper powder. method -is the

* Isometer"l foi the measurement of insulation compounds' idth- on
non-ferrous metals., If a -tapper coil is set on an insulation band.

which is located on-top of a metal,this col will) create a magnetic

alternating current field. Due to the insulation compound the coil

is relatively distant from the conductive metal surface which fact

has the, result that the so called attenuation of he coil app ears

more or less decreased. Thi -distance, that is the width o., the

insulatlon compound, is indicated wilh the Isometer. The measuring

is done by setting -a littl tprhead on thie test part-'The

instrument hand then perrits a reading in nicrons of the width of

the nulation. band, an ejloxationv ayer, oxidation layer, paint,

lacquer or dirt layer. In1. #J17 shows such an Isometer.
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Th, folloa.in- is a ( cscr i,&on of an entirely d ffleren~t =measurin
-~hod.,

Ifa pemn--onret -ich carries a coina is set 6n'%o

=tt6anetizable sh,.eet metal, volt .L; impulse is inanacad in this
coilin-. Zhe- size, of this volt.q ;,r ls -L.uedi o2ae-saconds

I I dpend er-ire2,y on the nraduct of sheet metal -vidth by zztr~ion
- ~m,-netizabi3.ity o7 the spcii she tal. In = ich, lioever, as

the satuation =,z netizability of techydeal]y applied sheet metals is

practically constant the induced volt,.eiplei tn~r

measuroment of the s~ieet .etal width. A special construction :ind a

rauitalbie instument with adjusted attenuato a h indic..tor

"remain", even long after the volta, e impulse haz ceazed. Inl %thi_

wv.ay, 'by simply setting a '."rd: tapper onto the aiaterial -a tapp37er

U~ich cont~ins the pe maneht r;,- net 1, t re m e eitoth ht

metal with cn be accomplished. -ent 4Akin--offtetperte

*indicator automatically returns instantaneously to potition "Zoro"l.

* I-oreover a push-button permits, if necessary, to force the indicator

momentarily to t.he zero position. Thids precision-sheet metal vrith

meter, as shown in 111. a ok without ayxoe upyo

- ba)ttery and does not contaiin any pcxtz ihI.ch could-wear out.

4l
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he..I,thods of "a'terial .'*easu ring.

During the past decade it has been noticeable that nodern

- ele ctronics, more aand more, foun acceptance in the technique of
Sindustrial measuring, testing, conrolling. '.,2hreas, for instance, the j

indusrial noaseinsinI co

use of electronic controls fr ro*lins .mills or pocessing id

finishing machines is comonplace, the teciriqpe of material measuring

still relies on .nd uses predo.inantly the well-known "classical"

I -methodm.

We, therefore, should like to discuss in the follod.ng some

new electronic material measuring methods which have been widely

accepted in the past few yeairs throughout European industry and

research.

i A New Method of fully Autoratic and Continously readable mzasuring

of the odulus of Elastricity and Attenuation.
o - -

There are a good many examples to be found in the history of

material research proving that quite a bit of knowledge can be

f g.ined from establi iing new measuring methods which perit measure-

ments of one or rore. decimal powers more exactly than hitherto.

Varied occurrences in the mnterial such as aging, conversion process

and arrangement, hardeninZ process, recovery corrosion, etc., W~r be

corrected with little zutation of physical properties.

M"en it is made possible to meazure a physical property which

by its very nature, is highly sensitive to such processes, ouch "s the

modulus of elasticity, rith an accuracy of one or more decimal powers

K * - -- -*-~- -I . ... . ....... . . ..--*- i -I -- - - - i -. - --i- - . . . .
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T hiJher, a substantial LmprovLment in material research is -iozt

cerailyto be aniiktd he author developed some twenty years

ago a method to measure. modulus of elasticity anld mechanical

attenuation, a metLhod through -. iclh in mn elds of material

research, new nwloee was -,ained. !ha re sultasecredi

over thirty public.-tions, lihich were obtain ;d in mterial razaarch

with the aid of this apparatlus, show plinly hoa valuable this method

has groi-in to be for the i~oefield of material research - in

particular for measurement of temperature relativity of elasticity

modulus and attenuation.

Temeas-ring prinil ofteabove pentioned clevice for

measurement of elasticity modulus and attentuation is the following*

11 in #: An electr-ic serader "All" feeds an electromagnetic oscillation

system OB" * Attached to "IB1" by:.meana of a thin wire is test bar "IP".

The mechanical,-vibrations of the electromagnetic system are beinz

transmitted -to the test b-r via the suspension wire. When ths

frequency of the sender approaches the natural frequency of Che test

bar(1ll.1j2). the test bar starts to wing noticeabl,-, the ann.litude,

of the toot bar being at a peak when the sander freclen cy coincides

wth the natural frequency (1"fo"l) of the test'bar. The modulu's of

elasticity can be arrived tit with a simple formula compoied of

frequency "1fo"l us indic.l.tod on the sondor scale, Lhe lonath "I' and

diameter I'd" in ams as well as t-he weieht of the test zaar in grams,

.0963 30
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The nabonof t test bar at a slow arade of

attenat-ion (the long, period of slow fading of the vibrations after

the feeding sander has been turned off) is arrived at from the

attenuaion time 't 1" that is the duration of time it takes as

measured with a stop .aatch, for the amplitude of value "A" to

attenuate to the value of "A/e". 36.8 %, with the formula,

Ill. #3 shows a fading vibration uhere the period of time "t, it

took the amplitude to attenuate to "I/e" has been entered.

At increased attenuation of the material, where the fading period

of the test bar's vibrations is too sort to be measured with a

stop watch, the attenuation is being measured by utilizing the

so called half-width of the resonance curve. Te half-vIdth is the

frequency difference " " -at which the test bar amplitude,

stitulated by the sender, clim.bs froia half-maxdm= value to

maximum value at "foI and then drops again to half-mwdmm value.

Ill. z14 ahows the resonance curve with determing data for the

attenuation measurement. The at enuation is arrived at "ith the

fori-aula

With this method many ten thousands of elasticity modulus values and

attenu~tion values were gained as an readily be seen from the

literature index at the end of this pubUliation.

H - IWO- - " - - . IIL
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-0
The exact maasurin, of the elasticity modulus and attenuation,

however, does reqaire a certain amount of technicil measuring

skill in order to find and align the correct natural frequency of

the test bar. The exact measurement of t-he elasticity modulus -

and even more so, of the attenuation - is hindered by the normal

inconsistency of the sender's frequency that induces the test bar's

natural resonance. A usual sender of high precision generally

cannot be expected to attain any higer precision than 1-2.10-

over any length of time.

Contrary to this and other methods for the measurement of

elasticity modulus and attentuation, the test bar - for the method

with a fully automatic tester as described in the following - is

Osimply set into the test apparatus of for temperature exTeriments

into the oven* Wi&thout war t her action the natural frequency

of the test ba (andtherefore, also the elasticity modulus that

can be-calculated with formula 1) appears continously as a decimal

• fi~ue on a figure indez with an accuracy from 0.01 to 0.001V.

By aimply prssing down on a kqy, the decimal fi e wiue

of the test bar's mechanical attenuation appears on thesame

numorical scale with an accuracy far beyond the one possible with

methods used thus far.

The following is a description of the measuring principle

of the automstio elasticity mo&ulus measuring apparatus* the

The test bar is not energised W means of a separate sender

0

... .. I .L . .. .2 .... -. It . . . ! .. ... . . llll[_.t ... ... . .j

++ 4
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as .ras the case in the methods described above, but is energized

through regeneration (shown in Ill. #5),similar to the principle of

t-1h electric tunin, fork to its nzatural vibration where the bar

vibrations received by :he recep-tion system are being transformed into

electrical voltucse. This -voltae is intensified by an amplifier and

then redirected to the mrac ".ic2. sander syst.a. The vibr1ations of the

test bar, therefore, maintain themselves. The vibration frequency

per second (natural frequency fr) of the test bar is being counted by

an electronic counter with an accuracy between 0.01 avd 0.0021 . The

electronic counter is set up in such a way th-t it counts the test

bar's vibrations over a period of exactly 10,000 seconds. The i6ure

value appe ring on the iudex scale, 'herefore, is ten times }h

rv.lue of the b.r's natural frequency, for this natural frequency is

identical with the amount of the bar's vibrations per second; during

a pcriod of C seconds, hen, this value car be read on the decim&.l

sc-le, uhere upon the indicator aiUtor.tically reverts to the "zero-

position" un! tho cycle c m zt.rt anew ao that consequently, ,tL-out

any cad-itional adjuatmants, the natural :requency (Z-=odulus) of the

tozt bar ;..paars 4utomatioa ly threo Lines per Anute on the ccale

ulth wctrmao accuracy. Is the tt bArt's teperature measued

aimultaneously aith the aid of a therw-eleament in the oven, the

.j.e..... ure '..ivIty of the elasticity modulus up to :PwodXO at4

1CO elsius be determined. A. transformation phenomenous =

other t:paratura etecto of the elasticity w'.idulus c~n be read ith

wctreme accuracye

. "



Ay ;6

Dr. Friodrick F8ister

OS11,.e couriter-device for na~uzUzc, lr xejo~y is L in'Z zPuiQd

by a hijily constant ",watch-quartz" in the thermo;tat. -this cecures

a nwasurin,- accuracy of O.00OJ even after years --r.d years - a £&.ct

wthich seems to-. be of zroat imniortlaznce for the execution of long,;-

lasting experimients concerning items such as c:Z±nZg, fatu ie,

* corrosion, etc.

For rapid operations vauch au quick teraperature chdzwn.es and

conversions as well as rapidly pro ceecding, corrosion reactions,

e~datlons etc., the 2-second meaauring period c.a be swit ad on

by pressing a key. In this case, after each one-second count period,

j . the teat 13,rls natura. frequcney (elasticity riodulus) appe~ars, but at

a reduced ra.te of accuracy (approdcmate~ 0.1 to 0.0L,).

Ml. A~ shows the automatic apparatus with the electro-

meahadncal sender and receiver systems frm which the test part in

suspended by means te regnertio bewee t

Frattenuation 6szmstersnrto ewe h

receiver and sender iystems is being interupted, t the effect ta

the electr mclaorkcal eneraising of the test b.&r is eliminated and
the test bar, therefore,,freely vibratos until the vibration* lade

out. The electronic. counter system nov counts the number of vibrations,

"XPs eMouted since the test beginning %Iaoi the amplitd dops
fro.iv~ue Am  cmtvgu NAeuthat is to 36,Z 2r ei To'r

however, is, identical -- a fiuot, i*dih w.. readi4y be, seen_ with the
poduct of *fox thM t or formua a2. The electrorlac ounter deice

thereibres indicates the eact, reciprocal.at. uto ValUe in a1
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0 ~decirul.~i2.' in accordan;cc i~ fornal 2.I
e., the describiz ; re --eat-on zethod, IIlI~5 with its

o'Wn azitation, zho a...a fraqaeacy of the transverse vibration

is ait..to~i. ln ii'.1 8 i,'e z~atuS also contuins a sender as

showvn in Ill. .,to a~itata t: e various harm~onics, but mainly to

agitate not only, naturl a2.nfsvers ifreq.ienqy but al.so n:;.xra torsion

frequency. hkis possibility is of- specal ip.ort.ce for a number of
technica and scientific problems, for the very important Poisson--

constant )L (transverse contraction rat-'o) can easily be obtained

from~ n-tural. transverse and torsion vibrations with equation 14.

I a lengt

ftras natural t.ransverse vibrationL

fo tor ntural torsion vibration

d = diameter of aylindriccZ bar*

Ias =ich as at present more -nd more mttrial is being uised

at high te peratures a tor in tance in turbines jet uirplaneis et@.,

tie :coledge of o~stio qualities at hth te.zperatures is of

tromwdous importance. lbreaver, izuportant processe" in the zmterial

c L e Clourly *.arUched IV UG&eAsIar tavlor 41tvity Of

elastioity modau andi ttwmut!=*i

the Ol~.ticity =dus and attenution or a2 si"-ar'-4?on bW up0 to.

lI si1us, Lho aoawe-ion Points hAove been oeharly -'* %
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Q it.:i attc~iutlon at 1000C, ;:~ hau boen ento-Prad oflco :'.oi1O,

ea1.urd, 13 a res UL o:' a ~ aphenomeon"~ of cx arbon .tormso

The rapid inerase ol' attenuation above 6000 C over three decimJ.

powers is as-)ccially~ ..a~

~ ~ n±~1exa=. le we would likce to briefly

Zo into tieU1. siiieanee of -:hi -16%ods Ill. #6, Xor corrosion

research. T~is rtiod allowo an extre..ily acocurate mearinZ~ of

natura frequency of test lxrs o. any sape, ;;t an accurug Loc;ree

of 10- -scon~ ;he dia~oter o" a toat bar lus been -.-o-ced by

10- of ". Jiarnetur throu h corroz.ior, this recduatior. c..n be

Mlelsurcd by the change cof natural freiluancy, ?hrough sizmatAnOUS

measurenn of natural transverse and torsion vibr~,onas qunittative

porV~ona of LOUe =u4 a~int of cormoion can even be deter4ned md

divd" W4t externaal sur'4ce corroion wAd intercrystalize corrosiom.

33.~ hows the Can~o of mtural trunw~eme vibraitions

ac riding to duration of corrosion on teect bans of ax 1iz alo

with =Wed~~sum vhich have ben qeehed fron 4P000 mAz &-am to

N-Ar-ous teape'turos. 'lithir the region of .ran teprtrsOf

1 t0 3.004 this al1o. isspci uJec to into. W~sta2±ne

L: L
It.be of OW""s on#r~ -nrz~ in. &" Pore inct0noe *s s

.afitioml aeisa the "ttemaW=o moss'ed 4th tic 4vt A., j

I. . *.. Mtored !Ai M3. A, se OdFL the intAb'oWyta2Ij s W.'qZa'%on 14



CD t ~ninc~~.. o. b~~tic',±incej ',h2L- vibrat-Ionz, the

i':...iate c:l L.yczr 6A-ich !,.ve Leer, dez'troyred s~; orros.on,

'2ct z ito ~~entec~a .As 4 d Afth it ind-uce

c..tanuatf..,, v 1r, i only aqui~.iv naxe;rti;cea

the aiziltzxrecus ti'~~.toi n tural torsion rq.:enmc" a.os

rartitativo zenarat/.3n o* extarnal zxr. inter::ystal~'ne corrosion

le.yerj wtdtha po~uible.
0ac chaam -ur.

.,c czes o..: 0. -I- i. - n:.tr-1 'requency c .r, be -u~cd

-dh ccur.cy -.zW te i t Aumcnt z.houn in, M1.~ thie cor'rosion process

o the test irs c;:..n Acu2~,wthout destruct.ion, be obuerved xrmm

minute to xLinute, The metiod of' re&=rinv, the n~atural frec: xoncy of~a

tout bar responds a.roci..-ately a thousad tVies wre senitIv~y to

corrosio lied1 ~eswe O~i.~ tension t~est*

Tho c.±rema accur~cy KWxc is possible in mew~surinj natural fre*quenq I

L.-d its chan,es of a teat bar mik&3 iai mathod espoeaaLv zita~le &br

th d1O ob38rd.- of. a&~ing.p crgnn n fi&UI m~~ processes, Uw

wefl as for obsorvin tho Jt6. porawe rslativity of the 3Pcdujas Ax

thg e:,Wcda~cl %tt%,=uatiOai, jdv 1.04.%Gt SsitivSy m wber of

Siz e Q : r:zaPM08 of V eS duluas a".uril froZuny
"n h tew~n ct'V tOL mthoMS ift Use tkr far, is 411Vy -a

zattor cZ d 4oi~ i,;r*. zd mom orr """ cm ~waem" aooun

ofi.-1 r; It CAW ato-?4.c Zi);=tUx is amu or 1=ft d~eii2 *A" PW

thanbt* n ofot~~ ia.ri4 o.~ua~g d tst'.. metbods,
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it czn -be expected, that tis nvw proces3 Aill open 'he door for new

findinzs in iefield of material resaarch.

A Now Direct Current Pield measuring, Method for
rapid detcrmtion of magnetic: material v~lues.

In prvios pbliaton we have alreaqy der-ostrated the

importance of new measuring device for the sensitive meatsurement. oA.

magnetic direct current fields, (Foerster Tester). -With the aid of this

11tester a precision measuring "-*evi for ield strength was devalop ed -

a device which represents t1he miost sensitive of all direct current field

measuring instruments maxafactied in series.

WIt1h thae standard execution of the field strenigth tester, n

the most sensitive stage, one unit of the scale's indicator deflect o
corresponds to a field of 10 -Oe. The magnetic eart field in our

latitudes is approximately 50.000 times stronger. The ;ost sensitive

type-of apparatus has a sensitivity 10 times hi oer-.

Ill. #1.0 shows the precislon field strength measuring appaxtaius

with a set of various testers,, as it is used for va.ried measuring proble-Ls.

All ten stages of sensitivity are equipped for exact recalibration, b

means of sending a highly constant current through the tester to creat

a mantic calibra~tion fed

Besides applicat.-ons of this- field strength measuring

apparatus in the military £ield,(search di anei suvyng of

ships)it also serves geophysical purposes, such as nagnotica surveying o -

earth fields on j.andL and sea.

Aspecial ring tester h~s been devoloped-in ion i.ion-,ith

this field, stren&thmeaLsuring strength measuring apparatus for the

~~j
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12.1.~5l so;s tde letra!). of an appr.ntus for

th cauca,.nt of. coao-cive 20rca wit I hi 1;h accaracy - a i~iethod th.1A

requires a feuw sconds on2.y. F'on a c~ ontrol. transforier equipped 1.1ith

a'control Zgrip Z o adjust th: nContinuously, a rectilier with

ininta.~ ajuta- a s mte from the rectlI" er, flows througrh

the-indicator instrument anid-the test coil. Th r au.-,. a ore-time opening.
- ~and cloring of the control trnfi ' grip thete*cpebeos

11.Zreically saturated and idicates a ma- etic residual field. The

test er in~strument now shows a deflection corresponding tj the. rge

trest. momnent=~ of the test. sample. By switchaing the direction 'atthe

c4rrnt,& field strength inverse to the one of t-he original satuation.

'field ap?9,ars. "her 4 the control transformer is turned up once more. The

c'utr.iela, Jte~t 6 now increasedby~ turning th e knob on the

trnfoiimeri -untilU the defleation on the field measuring apparatus,,

~rfece b hemgnt -igof the s-ample, passes through zero. At thatF

Mmzent -the Precision instrwnent, alabr, ted directly in coercive force

units, Indicatez-the absolute value o h oriefre

The whole prooedure of -measuring the coercive force, therefore,

conststa of -only two mardipulationst magnetizing and -increase of the

ournte field until passage thrcu~h the zoro po~ition is reachdd.[

' For magrietic -soft alloys (H0 be!~ 10) an .earth field

K *~> ~ - ompenzsation' iz necessary, which Lean be att~.nad with the aid of a -field
reszinZ toster by means of-,throe simple manipulatilos don wth t.e1

help o tVo permnent magnotas.

Inl. #12 shows a font view of the preeision coercive meter

LI
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0 .(th the earth- field compensation device. This coercive force measuring0t
instrument has 10 sen t.vity s'a--es. In the most sensitive itoge

coercive force v2lues o 1O 0e can still be used, whereas in the least

sestve sa, oriefrev-

sensi sae coercive orce vlues up to 1000 0 e can be used.

The short duration of actual measuring of a coercive force

value of only a fwa seconds has already created a new applicatior. for thi's

apparatus. It is being used for t'e sorting of relay p.rts according to

coercive force values, furthermore for the sorting of hird -.etals

according to their coercive force values. With these materials the usage

duration depends on the finest possible distribution of cobalt in tungsten

carbide. In as much as the coercive force value increases with the finer

distribution of th: cobalt, the v2lue of the coercive force, under certain

circumstances, characterizes the quality of hard metals.

Sweden produces more hard metals than any other European

country. substantial p;rt of this output passes through the described

"coercimeter" in the various Swedish works. This apparatus is also in use

to observe sensitivey the various material processes which are connected.

ith a cha..nge in the coercive force.

The high sensitivity of the measuring set-up for the

imanetic mozrentum of the test saple, combined -4th the insensitiveness for
eirth fields ",d interference fields prr~it to choose a fairly big

distance between the field tester and the tott part. o ie sarple, therefore,

can easily .be heated in oven wAt.in 1he field coil Lc observe the

temperature relativity of the coercive forbeu, whereas the ctual ;easuring

device is located outside th oven nd Uhe ,.aa-netizin- coil.

r0

-I - . . . .. .. . . . I .. ~ ? -. ... . . .-4 I* . . . . . . .
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0
'.ico 'be "co, cirietel-I", Ml. ;12, meuasures .-Ie coercive

force independantly of htpe or form, h "AL:rietometer,', Ill.13, rves

to d~tr.-n -2... L-.. te.. .. ,tic netizin; curve Lt . .gien for-., o' ti.e

aanp.le and rel.'ive to temperature. (rotation ellipsoid or "I'aurer-(one'I:.)

The three instruments serve the pur, ose of readin- che

sample teperature, the sample an " id the fid strerZh.

An Instument for thn Projection of 4aZnetic
Xterial Values on a Cathode--ay Screen.

.16Jhereas the previously described methods of majnetic measuring
I served the static measuronent, we would like to quickly cover a ynwmic

i measurine method which serves a rapid waSmetic measurinz of transformeri

sheet metals, Aires, tapes, ring muclei, transformer nuclei, magnetic0 sound tapes, magnetic sound wires, etc., - a method wich finds .pplication

in a great many works, The sensitiveness of this method is so hih that

already a magnetic sound wire of 50,u width results in a readily measurable

curve. On the other hand a secondary winding of a uheet metal strip is

already sufficient for maZnetic measurement. % number of special coils

have been developed for this apparatus in order to adapt the method to

the vuried industrial roquirc.ents.

For instance, & r net (mounted) yoke serves a rapid sortin

of' sheet metals acoorcdin to their mag-itia qulities.

A heavyh-urreet adgrgate is used for a rp.Did quulity sortinZ

of rin& nuclei and whole coils of m;gnetic sound wire ithout un.indirn the

coil. Other special coils are in use for t:e magnetic mabstamwnt of

S0sleet metal strips, tapes, bars and wires.

0 M0

(I

• !
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Il. i?14 shows prt of the front plate of the Ferrograph A

with the cathode ray screen wnd the calibr-.ting factors Aor B and
CmH underneath it.

CM

.an attachLaent ha.- been developed for the Ferrograph (Ill. #14)

to nuke direct readings of watt losses possible. This attacIment pormits

the rapid sorting of sheet metuls according to their watt losses.

The devices described above are sxaxaples of the fact thtt the
application of modern electronics creates valuable material measuring

ar testing methods.

1k ~

it
:i

iI

' .
-- i


